Eligibility criteria: Studies addressing prevalence, consequences and patterns of multimorbidity in South Asia. Articles documenting presence of two or more chronic conditions were included in the review. The quality and risk of bias were assessed using STROBE criteria.
Data selection: Two reviewers independently assessed studies for eligibility, extracted data and assessed study quality. Due to heterogeneity in methodologies among reported studies, only narrative synthesis of the results was carried out.
Results: Of 11 132, 61 abstracts were selected and 13 were included for final data synthesis. The number of health conditions analysed per study varied from 7 to 22, with prevalence of multimorbidity from 4.5% to 83%. The leading chronic conditions were hypertension, arthritis, diabetes, cardiac problems and skin diseases. The most frequently reported outcomes were increased healthcare utilisation, lowered physical functioning and quality of life, and psychological distress.
Conclusions: Our study, a comprehensive mapping of multimorbidity research in South Asia, reveals the insufficient volume of work carried out in this domain. The published studies are inadequate to provide an indication of the magnitude of multimorbidity in these countries. Research into clinical and epidemiological aspects of multimorbidity is warranted to build up scientific evidence in this geographic region. The wide heterogeneity observed in the present review calls for greater methodological rigour while conducting these epidemiological studies.
INTRODUCTION
In the past few decades, chronic diseases have replaced infectious diseases and assumed the dominant healthcare burden. 1 Coexistence of multiple chronic diseases in a single individual, known as multimorbidity, is increasingly becoming the norm. 2 Individuals with multimorbidity register higher mortality rates, incur increased healthcare expenditure, are frequently hospitalised, and experience disturbed physical and mental health, affecting overall functioning and quality of life. 3 4 Owing to its negative consequences and high resource use associated, multimorbidity has attracted considerable interest and attention among clinicians and public health researchers alike. 5 A considerable corpus of primary care research over the last decades has been performed around this area, in developed countries. [6] [7] [8] [9] Prevalence estimates in these countries have shown varying figures ranging from 39.5% in Spain to 13% in the Netherlands. 10 11 A study involving primary care patients in Scotland has revealed one quarter of patients to have multimorbidity, with one-third of them being young. 12 This study strongly urged the global health community to be adequately prepared to be responsive to the challenges of multimorbidity. Nonetheless, the population-based studies Strengths and limitations of this study ▪ Our systematic review identifies a large knowledge gap in the epidemiology of multimorbidity in South Asia, where few studies have been conducted to investigate multimorbidity. ▪ Our review is the first to undertake a comprehensive mapping of multimorbidity studies in South Asia and demonstrates the need for systematic enquiries on multimorbidity to be undertaken in this region. ▪ Since multimorbidity is not well indexed in literature databases, we might have inadvertently omitted some studies. ▪ A quantitative synthesis could not be performed due to a large amount of heterogeneity among the selected studies.
from several middle income countries such as Ghana, Brazil and South Africa reported prevalence of multimorbidity as high as 38.5%. [13] [14] [15] However, to date, the majority of research from low-and middle-income countries (LMICs) are focused on a single or specific illness, or on the coexistence of a relatively small number of diseases such as cardiovascular ailments, diabetes and cancer, and the presence of unrelated or incongruent multiple chronic conditions has not been investigated in detail. 16 17 Together, home to approximately one-fifth of the world's population, South Asia deserves special attention in the context of multimorbidity. All of the seven countries in this region are LMICs. 18 Along with rapid urbanisation and demographic transition, these countries are now experiencing a shift from communicable to noncommunicable diseases, and multimorbidity could be an emergent phenomenon. Given the high younger population, the projected magnitude can be enormous, and the extant unprepared health system and limited resources could cumulatively add to the adverse impacts.
Several studies are available from individual South Asian countries on the level of selected or individual chronic diseases among the adult population. However, to the best of our knowledge, to date, there are no comprehensive systematic reviews on multimorbidity among adults residing in the South Asian region, and therefore a contextual understanding essential for developing and aligning health services to meet patient care is lacking. The present systematic review is the first attempt to landscape multimorbidity research in South Asia and to systematically evaluate published studies (longitudinal, cross sectional) documenting occurrence, pattern and consequences of multimorbidity in the adult population in South Asian countries, thus enabling comparison with other regions. It is expected that the information acquired would identify existing knowledge gaps and guide future research needs into multimorbidity in this region. The specific objectives were to (1) estimate the prevalence of multimorbidity, and (2) study the patterns of occurrence and its consequences in South Asia. The focus of the review was limited to multimorbidity defined as the co-occurrence of multiple chronic diseases in the same individual or mean disease count per individual.
METHODS
A systematic review of published studies reporting multimorbidity among adults residing in South Asia was undertaken in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses Inclusion and exclusion criteria Selection of articles was based on following inclusion criteria, they were: (1) original studies documenting prevalence, patient factors associated with multimorbidity and consequences of it; or (2) studies reporting results that allowed calculation of prevalence; (3) studies having participants of more than 18 years of age; (4) conducted either in a primary care/outpatient setting or general population from the above mentioned South Asian countries; (5) studies that had published results between 1990 and March 2015. As multimorbidity first came to prominence in the early 1990s, we included articles published in the English language between 1 January 1990 and 31 March 2015.
For those studies in which multimorbidity was not defined, we made an operational definition of 'studies documenting two or more chronic conditions, even though not mentioning the term multimorbidity'. These were also included for data synthesis. Any study that began with a preliminary selection of index disease (studies of comorbidity) was excluded.
Search strategy for identification of articles
We systematically explored Pub Med and EMBASE electronic databases, and Google Scholar search engines, to locate the relevant articles. We categorised the search terms according to location, methodology and outcomes: (1) Location: 'India, Pakistan, Nepal, Bhutan, Bangladesh, Sri Lanka, Maldives, South Asia'. 18 (2) Method: 'prevalence, epidemiology, cluster, pattern'. (3) Outcome: 'multimorbidity, multimorbid, multi-morbidity, multiple conditions, co-morbid, multiple diseases, multiple chronic diseases, multiple chronic conditions, multiple illnesses, multiple diagnoses, multi-pathology, chronic condition, chronic diseases'. The 'AND' Boolean operator was used to combine search terms across the categories and 'OR' was used to combine within the categories. To broaden the scope of our research, we also applied the linguistic variations of multimorbidity in the search strategy. Further, we limited the search to those studies that only involved human participants, had abstracts available and were published between 1 January 1990 and 31 March 2015. To obtain additional publications, reference lists of retrieved articles were hand searched using snowballing techniques. Wherever possible, forward citations of the studies retrieved during the literature search were traced and screened for possible inclusion. Furthermore, search of relevant websites, namely multimorbidity research network of university of Sherbrook (http://crmcspl-blog.recherche.usherbrooke.ca/) and WHO (http://www.who.int/en/), was also performed. A summary of the search strategy adopted for the review is outlined (see online supplementary appendix 1).
Data management
First, all hits obtained were gathered and duplicates removed. Potentially relevant articles were selected through initial title and abstract screening by two authors (MAH and SS) independently. In the next step, the full text copies of these relevant articles were retrieved. We retained those articles that studied the prevalence of more than two chronic conditions without any index disease, even if they were not using the term 'multimorbidity'. Articles meeting all inclusion criteria were retained for quality assessment and data extraction. For data extraction, a special form was constructed. Two authors (MAH and SS) independently assessed each of these 61 retrieved articles for inclusion, extracted data and cross checked data extraction forms. Any discrepancies regarding eligibility between the two reviewers were resolved by consensus with two other authors (SP, CS).
Assessment of study quality Two authors (MAH and SS) independently assessed risk of bias and study quality, using standard 'strengthening the reporting of observational studies in epidemiology' (STROBE) checklist. 9 19 Any disagreement arising on quality was sorted out in consultation with two other authors (SP and CS). For observational study designs, risk of bias was assessed for three domains: selection bias, information bias (differential misclassification and non-differential misclassification) and confounding. Risk of bias for each domain was assessed as either 'Yes' or 'No'. Studies that had a risk of bias in each domain, including a risk of confounding, were classified as having more of a risk of bias. Each reviewer independently determined a global quality score for each article, giving one point for each STROBE item the article addressed. To be retained in our review, articles had to have a quality score of at least 12 of a possible 23.
Data extraction
For each included study, we extracted the following information: (1) authors and publication year; (2) title and journal; (3) study country and location (urban or rural); (4) study design; (5) sampling strategy (random or non-random); (6) sample size; (7) sample characteristics such as age and gender; (8) number of conditions included; (9) definition of multimorbidity considered; (10) prevalence (overall and gender-or locationspecific) of multimorbidity; (11) consequences of multimorbidity in terms of health-related quality of life (HRQoL), functional status, healthcare utilisation and healthcare expenditure (objective or subjective); and (12) risk factors significantly associated with multimorbidity.
We decided not to perform meta-analysis as we judged that the included studies were heterogeneous in different aspects, including: populations (different ages and settings), variable definitions (including different definitions of exposures and outcomes) and analytical strategies (adjustment for different confounders). 5 Open Access
RESULTS

Yield of search strategy
The searches mentioned above yielded 11 132 articles. After discarding duplicates, 11 021 were selected for title screening. Careful screening of titles identified 189 articles for abstract reading, from which 61 were shortlisted for full text review. Finally, 13 articles were included for this systematic review. Reasons for exclusion of the remaining articles are indicated in figure l.
Study characteristics and quality
The key characteristics of the studies are presented in table 1. All the studies were from India and Bangladesh. Four studies were carried out on a nationally representative sample and the rest adopted ad hoc study designs. [20] [21] [22] [23] All were cross-sectional and quantitative in nature. All studies were community based. Six studies recruited participants exclusively from rural areas, [24] [25] [26] [27] [28] [29] two from urban area 16 30 and five included urban as well as rural participants. 20-23 31 The sample size of the included studies varied from 90 to 44 514, and included males as well as females. Seven studies exclusively included participants over 60 years of age. 24-28 30 32 Proportion estimation was the most frequently used statistical measure. On a quality assessment scale, five studies scored between 12 and 18 24 26 27 29 30 ; whereas eight studies scored more than 18, 16 20-23 25 28 32 and five articles scored between 12 and 18 (see online supplementary appendix 2).
Definition and estimation of multimorbidity 'Multimorbidity' was defined and used in six studies (table 2) . 21-23 25 28 29 The remaining seven articles mentioned the presence of two or more chronic conditions without using the term 'multimorbidity'. Twelve used a predefined list of chronic conditions ranging from 7 to 16, (see online supplementary appendix 3) and one adopted a free listing method. 16 For identification of patients with chronic conditions, different approaches were used, namely, self-reports in five studies, 20 21 23 27 28 self-reports and physician diagnosis in four studies, 24 26 30 32 and, in other studies, a combination of physician's diagnosis and laboratory investigations, 25 and both self-reported and symptom based approaches were used. 22 29 International classification for disease coding was used in three studies and the remaining used arbitrary systems of coding. 26 32 Five studies had stated the objective of estimating the prevalence of multimorbidity. 21-23 28 29 The rest were intended to identify multiple chronic conditions. The prevalence of multimorbidity varied from 4.5% 16 to 83%. 32 Among the population aged 60 years or over, the prevalence ranged from 24.1% 24 to 83%, 32 while for the remaining adult population it was from 4.5% 16 to 20.8%. 21 Prevalence of multimorbidity among studies adopting self-reported methodology ranged from 4.3% 20 to 56.8%. 16 Among studies from national representative samples, the prevalence varied from 4.3% 20 to 8.9%. The only study using physician diagnosis and laboratory investigations reported multimorbidity prevalence of 53.8%. 25 The prevalence varied from 24.1% 24 to 83% 32 among studies that used both a self-reported and clinical examination approach. All the studies had followed a simple count method adding up the number of chronic diseases.
23
Patterns, correlates and consequences of multimorbidity The leading chronic conditions reported were hypertension, arthritis, diabetes, cardiac problems and skin diseases (see online supplementary appendix 3). Apart from one, 28 no other studies reported the pattern of diseases or commonly occurring disease clusters. The most frequently reported consequences were increase in healthcare utilisation, 23 27 30 lowering of physical functioning, 21 22 disability, 32 quality of life, 21 healthcare expenditure 23 and psychological distress. 32 Only one study 21 explored the morbidity burden or severity and HRQoL. Four studies 21-23 28 identified age to be strongly associated with multimorbidity. Two studies 22 28 considered risk factors such as tobacco use, obesity, waist hip ratio and physical activity, for prediction of multimorbidity. Three studies 21 22 29 looked at the impact of multimorbidity on self-rated health. One study 23 explored the effect of multimorbidity on healthcare utilisation and expenditure. Positive association between multimorbidity and depression was reported in two articles. 22 
32
DISCUSSION
The present systematic review intended to summarise the scientific evidence accumulated in the past two decades pertaining to multimorbidity in South Asia. We identified only 13 studies, confined to two countries. Earlier reviews by Western authors also noted the limited representation of developing countries in multimorbidity research. 9 South Asians have already been shown to be an inherently high-risk group for developing cardiometabolic and other chronic diseases, and thus multimorbidity may be significantly prevalent in these populations. 33 Nevertheless, the scarcity of publications in our review demonstrates an obvious mismatch between the need for work versus work accomplished in this area.
Five studies had the primary objective of estimating multimorbidity, while for others, it was a secondary observation, which further reduces the strength of evidence on this topic. Interestingly, six studies have assessed the prevalence of two or more chronic conditions without citing the term 'multimorbidity', suggesting low familiarity of the researchers with this entity. Five were published in the year 2014-2015, indicating the recent growing interest in multimorbidity in this region. At the same time, it also suggests the continuing foothold of single disease and infectious conditions among South Asian health system researchers.
The wide variance in prevalence estimates observed in our review stems from the diversities in study methodologies. For instance, sample size estimation, age group of the study participants, and inclusion and exclusion criteria, differed considerably between studies, which makes comparability difficult. Similar heterogeneity was observed in a review documenting prevalence of comorbidities in Australia, where diverse methods and study settings were the contributing reasons. 34 Another review on multimorbidity patterns also exhibited considerable methodological variability in terms of sample size, age and recruitment of study participants, data source and number of base line diseases. 35 Four of the 13 studies used secondary data from national surveys. [20] [21] [22] [23] None of the reported studies had the intention or objective of looking at multimorbidity, per se.
Overall quality assessment revealed major lacunae in methodological aspects, which included ascertainment and case definition of multimorbidity, selection of source population, and inclusion and exclusion criteria. Even though some of these weaknesses were noted by the researcher in the limitations section, none of the studies tried to address bias. The wide heterogeneity observed due to non-uniformity in methodology and disease screening criteria makes comparability difficult and explains to some extent the large diversity observed. Owing to the inherent biases in the original studies' estimation, quantification of the prevalence could not be assessed.
The majority of the authors did not describe the criteria for selection of chronic diseases. Where they did, the most common were those conditions with a high prevalence and/or clinical relevance. As the number and type of conditions included determines multimorbidity estimation, the reported prevalence in these studies may not be reflective of the real burden. Moreover, there was ambiguity in disease definitions, such as doubt over whether ischaemic heart disease and myocardial infarction should be considered separate entities. Thus, efforts should be first directed at preparing a panel of chronic diseases with standardised definitions of each condition. This would help in minimising the inter-study variations, reduce possible selection bias of specific chronic diseases, and result in more reliable and comparable estimation of multimorbidity. Further, none of the included studies were undertaken in a primary care setting, which constitutes an important knowledge gap and substantiates the earlier evidence of non-availability exploring multimorbidity in primary care settings in LMICs. 35 In view of the integral role of primary care in the management of patients with longterm conditions, 6 and primary care being the major healthcare provider for the population in this region, 36 future studies should include these practices in exploring multimorbidity.
The study populations in most articles were aged 60 years or above, which might have introduced an element of age bias. One possible reason could be that most researchers have assumed multiple chronic conditions to be more akin to the geriatric population. Multimorbidity is not limited to old age alone, as it is significantly prevalent among the young population as well. 12 Equating multimorbidity with ageing could underestimate its real magnitude. This has important implications, especially for South Asian countries, as the majority of this region's population is young and possesses the risk of escalation of burden of multiple chronic conditions in the future.
Many authors have emphasised the importance of examining the pattern of multimorbidity in addition to quantifying the conditions. Identification of high frequency clusters is important for developing specific treatment guidelines and better patient management. However, only one study in our review explored the clustering of diseases. 28 The recent review on pattern of associative multimorbidity by Prados-Torres et al 35 reflected similar findings with lack of published literature from LMICs.
The negative health consequences of multimorbidity have placed it in the forefront of healthcare and research, the most relevant sequelae being increased healthcare utilisation, decreasing HRQoL, impaired physical functioning, poor mental health and increased healthcare expenditure. 37 38 In our review, less than half the studies considered this aspect by assessing physical and mental functioning and healthcare utilisation. Few have looked at the impact of multimorbidity on HRQoL and self-reported health. In view of the informative role of outcome measurement in the design of interventions, future studies investigating the burden of multimorbidity in South Asia need to embrace this dimension.
Finally, the insufficient volume of published work gathered through our review is inadequate to provide an indication of the magnitude of multimorbidity in South Asian countries. This is both surprising and concerning since multimorbidity is a well-recognised priority in chronic disease research worldwide and no longer considered exotic. Increased research into clinical and epidemiological aspects of multimorbidity is essential to build up the scientific evidence in this geographic region. More importantly, the wide heterogeneity observed in the present review insinuates the need of greater methodological rigour while conducting these epidemiological studies.
Study limitations
The major limitation of our systematic review is the difficulty in ensuring that all the relevant literature has been included. Since multimorbidity is not well indexed in literature databases we might have inadvertently omitted some studies. We tried to compensate for this by using an extended list of text words referring to the term multimorbidity as well as including any studies reporting two or more chronic conditions excluding comorbidity. Owing to the large heterogeneity among the studies, we could not perform quantitative synthesis of the prevalence estimates. An inherent limitation of any systematic review is the necessity to restrict a search period, which involves the exclusion of new studies after the end date. This might have resulted in omission of very recent studies.
CONCLUSIONS AND FUTURE RESEARCH
Multimorbidity still remains an unexplored area of research in South Asia. Despite the growing prevalence of chronic diseases, the evidence base for multimorbidity and its consequences is extremely limited for this region. Since multimorbidity is a major challenge to primary care, prevalence studies in these settings are recommended. Further, relevant outcome measures such as healthcare utilisation, quality of life, activity of daily living and healthcare expenditure should be examined in unison with prevalence. Care should be taken to adopt a uniform operational definition of multimorbidity, and an iterative list of chronic conditions contextualised for individual countries should be developed while assessing multimorbidity.
